A C-terminal truncation results in high-level expression of the functional photoreceptor sensory rhodopsin I in the archaeon Halobacterium salinarium.
Expression of the gene encoding the halobacterial photoreceptor sensory rhodopsin I (SRI), sopI, was studied by means of homologous gene targeting. A sopI- Halobacterium salinarium mutant strain was constructed by homologous replacement of sopI with a novobiocin-resistant gyrB from Haloferax Aa 2.2. Cells bearing gyrB were resistant to novobiocin, indicating that the Haloferax gene is functional in H. salinarium. Complementation of this deletion strain with sopI fused to the bacterio-opsin promoter resulted in the recovery of all phenotypical attributes of SRI. This establishes the first direct correlation between sopI and the function of its gene product. In the complemented deletion strain, functional expression of sopI occurred from the bop locus, where sopI had integrated by homologous recombination. This shows that cotranscription of sopI and the gene encoding the SRI signal transducer, htrI, which is found in the wild type, is not a prerequisite for photosensory activity. Deletion of the last 43 bp at the 3' end of sopI resulted in a 10-fold increase in the amount of SRI, without affecting the activity of the pigment. The mRNA level of the truncated gene was not affected as compared to that of the wild type. We propose that regulation occurs at the protein level, probably through a negative determinant of protein stability located in the C-terminus of SRI. Replacement of the last 28 amino acids of bacteriorhodopsin by the last 29 amino acids of SRI results in a decrease of the bacteriorhodopsin, supporting our observations. The C-terminus of SRI is the first domain with a downregulating influence on protein levels thus far identified in H. salinarium. The system for SRI overexpression we present here greatly facilitates biochemical and biophysical studies on the photoreceptor and allows investigation of the molecular interactions underlying the signal transduction chain of halobacterial phototaxis.